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INTRODUCTION

The biological events leading to the development of severe
disease manifestations of dengue infections (dengue hemorrhagic
fever/dengue shock syndrome, DHF/DSS) has been the focus of many
investigations (1,8). Though DHF/DSS cases occur during primary
dengue infections, the majority of severe dengue disease has been
associated with persons experiencing a secondary heterotypic dengue
infection (6,7). What do we know about the pathogenic processes
that result in the exacerbation cf dengue symptoms? Can these
factors be identified in vitro and then correlated with clinical
disease? The results of previous studies suggest that pre-existing
DEN antibodies circulating in a person may be a risk factor in the
development of DHF/DSS (9). However, other host and viral factors
must be involved since only a small proportion of the population
residing in endemic dengue disease regions develop severe dengue
disease.

Antibody-dependent enhancement (ADE) of dengue virus (DEN)
replication in vitro has been proposed as a pathogenic mechanism in
the development of DHF/DSS. We believe that enhanced virus
replication is an important part of DEN pathogenesis and that ADE
is the result of the interplay of host cells, antibody and virus
strain. We investigated DEN virus replication in order to define
the parameters that could lead to enhanced growth in the presence
of antibodies to flaviviruses.

SUMMARY OF PREVIOUS ACCOMPLISHMENTS FOR FY 1990

O] Developed a sensitive ADE assay to examine the interplay of
antibody, virus and host cells in DEN replication. Human
promonocytic HL-CZ cells supported enhanced DEN replication
better than K562 or U937 human cells at low MOIs (10%-107°).

@ Determined that the sensitivity of the HL-CZ cells was related
to the number of Fc-receptors (FcRs) and the FcR types (FcR II
> FcR III > FcR I) expressed on the cell surface since
blocking the FcRs by specific FcR monoclonal antibcdies (MAbs)
abrogated virus replication.

O] Characterized the abilities of MAbs 4G2 and 3H5 to mediate
virus neutralization and enhanced replication. Determined
that the MAbs recognizing DEN envelope (E) glycoprotein
epitopes were involved in NT and ADE and confirmed the
observation that these activities were concentration related
rather than epitope-directed.

O] Compared the growth profiles of selected DEN viruses
representing epidemiologically important genotypes using our
ADE system. Viruses from endemic dengue region (Thailand)

were more antibody-dependent than that of viruses from the
dengue epidemic region (Caribbean).




O] Attempted to define the antigenic epitopes that mediate ADE
and NT by using antibodies raised against DEN-2 E glycoprotein
synthetic peptides. We were able to determine that some
antipeptide antibody pools were reactive in ADE and/or NT
tests, though reactions appeared much weaker than the MAb
contrels.

O] Continued to determine the nucleotide sequence encoding the
non-structural (NS) regions of DEN-1 CV1é636/77 virus. Of the
regions examined thus far, it appeared that DEN-4 Dominica and
DEN-1 CV1636/77 were very similar in the NS region, suggesting
that the viruses have evolved closely or that there may be
genomic recombination.

ACCCMPLISHEMENTS FOR FY 1991

Examination of FcR-expression in HL-CZ promonocytic and enhanced

virus replication. Dr. Wu Tse Liu of the National Yang Ming
Medical School, Taipei, Taiwan provided us with several lines of
HL-CZ cells (14). We compared the virus yields of the uncloned,

clone 3 and clone CCC-5 cells. The results of the enhanced growth
profile of DEN-2 16681 virus were variable thus suggesting that the
permissiveness of the cells to support enhanced virus replication
could be intrinsically different. We investigated the discrepancy
of virus yield of these cultures and determined that if the ADE
results were grouped by >20% FcR-expression (rosetting) and
compared with virus yield (>10' pfu/ml), the presence of rosetting
cells was a factor in cell permissiveness (Table 1) as we had
demonstrated before when comparing virus growth in U937, K562 or
HuPBL cells. However, in a few cases, neither high nor low number
of rosettes correlated with virus yield, thus implying that some
other factors also affect virus replication. Therefore, in our
analyses of ADE results, we only accepted the tests in which 1)
virus control cultures (no antibody) contained no visible growth
and 2) positive ADE controls of cultures containing antibody
produced 10° pfu/ml virus yield.

Reactivities of anti-DEN-2 E glycoprotein synthetic peptide
antibodies with DEN-1 and DEN-2 virus. We have previously
determined the reactivities of mouse antibodies immunized with DEN-
2 E glycoprotein peptides in PRNT and ADE assays. Though we were
able to demonstrate some activity in sera obtained from mice
immunized by i.m. and s.c. routes, there was variation between
antibody specimens directed against the same peptide £from
heterologous mouse strains (19). To normalize antibody reactivity,
sarcoma-primed BALB/C mice were immunized with individual DEN-2 E
glycoprotein synthetic peptides and the resulting mouse ascites
tluids (MAFs) were assessed (Table 2). To compare the anti-peptide
antibodies on an equal basis, immune mouse ascites fluids (MAFs)
were purified by elution from protein A columns and standardized to




1 mg/ml and examined by ELISA. The reactivities of the purified
Igs were not appreciably different from crude MAFs suggesting that
binding to virus antigen or peptide was related to the original
strength of the MAF and was not affected by increased/decreased
affinity of the antibody to the peptide.

In addition to testing each of the anti-peptide antibodies
individually, we attempted to reconstitute antigenic binding sites
by mixing the antibodies together (Table 3). Seven anti-peptide
antibodies were mixed in various combinations and each tested for
binding to antigen, for ability to neutralize virus and for
mediating enhanced virus growth. Binding of MAFs, 1 ug and 10 ug
of anti-peptide antibodies to DEN-2 Jamaica virus antigen were
examined by ELISA, and these results reflect original MAF titers.
HL-CZ cells were infected with DEN-1 16681 virus at MOI of 10°.
Where the positive ADE and background culture controls cells met
Our acceptance criteria, the enhanced virus yields in the presence
ot 1 ug of anti-peptide antibodies was not consistent (Table 3).
Neutralization activity of the anti-peptide antibodies against
DEN-2 16681 virus was examined. One ug of an antibody was mixed
with 1000 pfu of virus and incubated at 37 C for 1 hour. The
surviving virus was ascertained by testing the virus/Ab mixes in
the BHK-21 plaque assay (16) and the results reported as percentage
of reduction of input virus (Table 3). Both anti-peptide mix 21
fantibodies to peptides 06, 240, 274, 17 and 361) and mix 22 (anti-
peptides 240, 274, 17, and 361) neutralized 53% of the input virus,
and anti-peptide mix 42 (antibodies to peptides 240 and 274)
neutralized 100% of the input virus.

Cloning and sequencing the nucleotides encoding the non-structural
DEN-1 CV1636/77 genes. The genome encoding the structural genes of
DEN-1 CV1636/77 have been previously published (3). Last year we
completed the nucleotide sequences encompassing NS4a, NS4b, and NS5
genomic regions of DEN-1 CV1636/77 and compared the results with
the published sequences of DEN-2 (5), DEN-3 (18), and DEN-4 (15).
We have completed the sequencing of the rest of the non-strucutural
nucleotide regions for NS1, NS2a, NS2b, NS3 and the final 800 base
pair sequence of the 3'-end of the viral RNA (Figure 1).

The similarity of the non-structural gene regions between the
4 DEN viruses are summarized in Fiqure 2. DEN-1, DEN-2, and DEN-3
share between 63%-68% similarity by nucleotide sequence comparison
and 65%-78% similarity by their deduced amino acid sequences.over
cach of the non-strucutural gene regions. DEN-1 and DEN-4 however
are very similar in NS3, NS4a, and NS4b regions (95%-98%); this is
contrasted by a comparison of DEN-1 and DEN-4 over the NS5 region
where similarity extends to only 78%. When the combined nucleotide
and deduced amino acid sequences over NS3, NS4a, NS4b, and NS5
regions are examined, the similarity of 90% remains between DEN-1
and DEN-4 (Figure 3,4).




DISCUSSION

Studies to 1identify genomic correlates of DHF/DSS have
primarily depended mouse, monkey and other laboratory experiments.
Animals infected with DEN will respond by seroconversion to the
infected virus but do not develop DHF/DSS. Therefore most disease
parameters of infected humans are based on clinical observations,
and epidemiological assements. The availability of genomic
sequences of flavi- and dengue viruses, the synthesis of peptides
corresponding to deduced amino acid sequences, and the development
of molecular techniques, make it possible to begin studies to
correlate biological activities with genomic variation.

Relevance of epitope mapping using anti-peptide antibodies. With
the standardized ADE assay, we have been able to examine divergent
aspects of the roles of antibody, virus and host cells. From these
studies, we could determine that each component share roles 1in
virus replication and that the ADE system developed could isolate
many of these factors for further examination. In our attempts to
ldentify the genomic regions that encode antigenic epitopes
involved in biological responses using anti-peptide antibodies, we
could identify the epitopes that mediate neutralization of the
virus. However, the enhancing activity could not be located within
a specific region using the anti-peptide antibodies. This does not
mean ADE activity cannot be found, the non-or broad reactivity may
only be a matter of using sub-optimal antibody concentrations, the

inappropriate mix of the anti-peptides, the wvirus strain
variability or the susceptibility of the host cell stage to virus
replication. It is likely that in using anti-peptides to map

strategic epitopes, a reactive result implies reconstitution of
epitopes, whereas non-reactivity implies only that epitopes were
not reconstituted.

Using anti-peptide sera directed against selected DEN-2 E
glycoprotein regions, we have been able to demonstrate that some of
the E regions will elicit antibody that will mediate enhanced virus
replication, neutralization and enhancement, and neutralization
alone. Though this series of experiments need to be repeated with
other antibody mixes and other DEN viruses, the neutralization
epitope defined by amino acids 240-274 is 1is the first direct
association of specific E-glycoprotein regions with biological
functions.

Analyses of the genetic relatedness of DEN viruses. The similarity
of the non-structural genomic sequences of DEN-1 and DEN-4 viruses
was unexpected. Published sequences of NS regions of DEN-2 and
DEN-3 viruses led us to expect only 63%-68% homology among the DEN
viruses. DEN-1 and DEN-4 viruses, however, appeared to be nearly
identical from NS1 through NS5 and again at the 3’ -end, suggesting
that there may be a double-crossover genetic recombination. To
preclude that possibility that the DEN stock cultures may have been
contaminated with one or the other viruses, we plaque-picked
purified virus from our CV1636/77 stock and found that they all

4




contained the same characteristics (data not shown). In addition,
we are examining, by PCR amplification and sequencing, of other
DEN-1 and DEN-4 strains in the 3’-end region to analyze the
relationship.

Future studies. During this study, we were not able to achieve all
the goals set forth in the original proposal. We would liked to
have been able to get anti-DEN-1-peptide serum to analyze and work
as we did with DEN-2 peptides. However, we were delayed by the
unexpected complication of the DEN-1 sequence homology with DEN-4
and felt that was important finding to follow-up and analyze. We
are planning to do work on examining patient serums that would
recognize DEN-2 peptide mix 240/274 and to identifiy whether this
region of the E-glycoprotein is a useful diagnostic tool.
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TABLE 1

Chi-square comparison of the relationship between rosette
expressicn and virus replication in HL-CZ cells

PFU VIRUS/% ROSETTE | > 20% ROSETTE < 20% ROSETTE
> 10' VIRUS/ML 6* 1
< 10° VIRUS/ML 1 4

*D <0.001




TABLE 2

REACTIVITY OF ANTI-PEPTIDE ANTIBODIES AGAINST HOMOLOGOUS

PEPTIDE, DENGUE-2 AND DENGUE-1 VIRUSES

PEPTIDE" ANTIGEN USED IN ELISA"
PEPTIDE DENGUE- 2 DENGUE-1
1-2% 6400 1280 320
35 102400 128000 4000
3-8/1 100 <10 <10
4-6 400 40 10
04+ 1600 160 10
142%* 3200 640 10
167% 100 10 <10
06* 25600 5120 40
2404 1600 1280 80
274%* 100 10 <10
16* 800 160 80
17# 3200 160 <10
361* 12800 640 80
437 3200 20 80
+control - - >12800 >12800
-control - - <10 <10

Roehrig et al (19).

Each well of the ELISA plates were coated with either 1 ug of
peptide, or gradient-purified virus antigen. The antibody
titers as reported as positive were adjusted by subtracting 2
standard-deviations above background reactions.

* Synthetic peptides which are distinct by deduced amino acid
sequence from DEN-2 Jamaica.
# Synthetic peptides that are not distinct from DEN-2 Jamaica

virus (>90% homology) but are in the NT/ADE region mapped by
anti-peptide antibodies.




TABLE 3 ANTIBODY-DEPENDENT ENHANCEMENT (ADE) AND PLAQUE REDUCTION
NEUTRALIZATION (PRNT) RESULTS

ANTI-PEPTIDE ANTIBODIES 100 NG' PRNT" ADE*
1-2 35 3/8-1 4-6 06 240 274 17 361 | DEN1 | DEN2 | pfu/ml
20 35 250

15 41 < 7

4F19 32 < 7

24 35 < 7

15 32 >8300

lr424 31 280

31 32 4600

27 36 >8300

28 46 < 7

32 38 < 7

36 42 3700

42 56 260

36 42 1400

22 53 400

18 53 < 7

38 40 < 7

10 19 < 7

28 54 < 7

16 56 < 7

4 38 1500

8 35 4000

4 32 4500

35 100 800

16 27 5500

0 10 3600

4G2 MAb*, flavivirus group reactive 96 97 >8300
3H5 MAb*, dengue-2 specific 12 100 8300
Virus controle@ 0 0 < 7
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Legend for TABLE 3

Purified anti-DEN-2 peptide antibodies, used 100 ng of each
anti-peptide in the mixes. Filled boxes indicate the anti-
peptide serum used.

PRNT by BHK-21 semi-micro assay. Average plaques of DEN virus
in each 24-well = 26. Serum and virus were incubated at 37 C

for 1 hour. Percentage of neutralization shown here. >50 %
reduction shown in bold face.

ADE assay with HL-CZ cells and MOI of 10°. Cells were
infected and incubated for 4 days at 37 C in 5% CO,. Virus

replication was assessed by plaque titration in BHK-21 semi-
micro assay. Results are the average of 3 experiments.

The amount of 4G2 used for PRNT = 10 ug, for ADE = 1 ug. 3H5
used for PRNT = 1 ug, for ADE = 100 ng.

Virus control = only virus without antibody for PRNT and ADE.
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THE NON-STRUCTURAL GENOME OF DENGUE-1 VIRUS C(CV1636/77:
COMPARISON OF THE NUCLEOTIDE AND DEDUCED AMINO ACID SEQUENCES
WITH THE OTHER DENGUE SEROTYPES.

Chu MC, Putvatana R, and Trent DW. UDivision of Vector-Borne
Infectious Diseases, National Center for Infectious Diseases,
Centers for Disease Control, Ft. Collins, Colorado 805Z¢

The determination of the entire nucleotide and deduced amino
acid sequences of the DEN-1 Jamaica CV1636/77 virus together
with the known sequences of DEN-2, DEN-3 and DEN-4 viruses
provide a complete sequence database of the DEN serotype

complex. We have previously presented analyses of the
nucleotide sequences encoding the structural and the non-
structural NS3-NS4-NS5 regions. Sequence analyses of the

=ntire genomic RNA and cloned cDNA of DEN-1 reveal that the
genomic RNA contains 10,641 nucleotides and encodes an open
reading frame of 10,224 nucleotides that translate into 31408
amino acid residues. A comparison of the DEN-1 sequence with
DEN-2 (Jamaica; Deubel et al., 1988), and DEN-3 {H87; Osatomi
et al., 1990) reveal that the genomic sequences encoding the
structural (C-prM-M-E) and some of the non-structural {NS1,
NS3, and NS5) regions are conserved (>70% homology). The
3'non-coding regions of DEN-1, DEN-2, DEN-3, and DEN-4
(Dominica; Mackow et al., 1987) are of different nucleotide
lengths comprising 387, 455, 448, and 385 base pairs
respectively. The entire non-structural sequences for DEN-1
and DEN-4 share >90% identity. These results reveal a close
evolutionary relationship between Caribbean DEN-1 and DEN-4
viruses which cannot be detected by conventional serological
methods. Thus the sequence database of all the DEN virus
serocomplex will be a useful tool in studying the genetic
variation and evolution of these viruses.
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ABSTRACT

Ant ibody-dependent enhancement (ADE) of dengue (DEN) wvirus
infection in human mononuclear cells in vitro has been standardized
using a human promonocytic cell line HL-C2Z, purified monoclonal
antibodies (MAbs), and select DEN viruses. Characterization of the
Fc-receptors (FcRs) expressed on HL-CZ cells have indicated that
subsets of FcR mediate ADE better than others. Using this
standardized system, we have compared the ability of mouse anti-DEN
2 envelope (E) peptides to elicit virus neutralization and ADE.
Peptides 1-2, 437 appear to elicit ADE activity in contrast to
other peptides that appear to elicit neutralization but not ADE.
Though these assays need to be repeated, it appears that
differential functions may be attributed to particular E genomic
regions. The comparison of the nucleotide sequences of DEN-1 RNA
~ncoding the non-structural proteins to the other DEN sequences has
revealed that DEN-4 and DEN-1 share > 90% similarity in NS3 and
NS4a, 4b genome regions. DEN-3 and DEN-1 have a deletion in in NS5
that is conserved in other DEN-1 and DEN-3 isolates. These genomic
sequence comparisons indicate that non-structural region
differences need to be studied as well for our understanding of DEN
replication and pathogenesis.
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